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— (57) Abstract: A method for producing a rare earth element sintered magnet which comprises applying a metal plating onto a 
^= Sm 2 Coi7 type or R 2 FenB type magnet and then subjecting the resultant product to a heal treatment, or which comprises forming a 

metal oxide or nitride layer on the above metal plating layer (or directly on the magnet). The method allows the production of a rare 

earth element sintered magnet being free from hydrogen embrittlemenL 



(57) 



OO 
OO 



Sm 2 Co n ^XteR, F e i 4 B K£JK* v **l£Lfc», SftMSfrS 
25 SdttCckO, 7K^i»ltt$:^ih1-^o 



O 




10/5000 74 

hpcmro 25 M^m 



WO 03/058648 



PCT/JP02/13430 



&\z£zfcmmmmtf*>ti* ttz. ftxmtmmmz&^Th. R,Fe, t B^ 

^(Dm^mtVX. MfCR I Fe l4 B^^>h*a5<DS!ig^te (HDDR 
#i¥3-1 2 9 7 0 2f^i) (htTfiJffl^nTV^. 

tt-?-mz®.mvrcm&> ft±mimmE&*mm<tz?\gmzv. muz 

ft±&ffi1£&l5lzl$* R,Fe N B^, SmCo s f, Sm,Co n ^ 
Oii^S. -WZ. **fc#LTtt, 2-1 7S!i^a«lig«k»5t)l-51!Jg 
M&, 1-5 SdSAttSJ: 0 2 - 7 M^^^ijgo^^^ h-ffite&<^ fill 

R : F e l4 B^lSfJ, iSttR'J yfffi^f tS&Ji. 0. 1 M P a SXT<D 

>7*>l,<\mittfi£.CZ>. S^. R,Fe 14 B5&ffi£5tt, i»*telGl±©fc«»i v*, 

iiftoTt^U. dOPp^^^T^^iUT, R,Fe u B^5©^®j!!lI 
^K*iS§©ji££&£^W£-fr <3;£J££ii Vtc mm 2000-285415^ 




WO 03/058648 PCT/JP02/13430 

2 

'&m . Z<D%mzJ:K)ttm2tirzR l F e ti Bmm&te. 0. lMPa-WTcDJEE 

s SmCo 5 ^JK5t>» R,Fe 14 B*«5tRI«K, RUyffflStTStfti:. 

0. 3MP a^ASJE^CDTK^Hm+T^ **lttt*5l#jBC U 

Sm,Co 17 ^iSIt ±ffi^2-17ffiTJfel5. R,Fe M B^ SmCo 5 
10 mztt^RVy^-eteta^Ztt, RiJ^fffi^tUWcft, *i{S0H4£5l 

<D%±mim&E£mmz. jmm&zmzmzw. msmmzuu. ???? 

*mwi*> ft*<Dft±mmmm&<Dmiz*m&®$*T^*mffi&zm%mz\ b 

20 ?5*mm&£.i,. ®mm}/-z\mm\sTiBm*m?M. &&#jeio- s ~ 
1 5 2 1 o r r<Dnmmz^xmmmt^z\t. ^smjCo,, mm^s<D 

MKCoRtf/XteCo. Fe«pKlSm f O, *MMfflK#*LTV>3JiS?¥«E;£ 
1±5C:<h£Ji^Lfc (#112 0 02-11800 9*t&$g) . CO<fc-5tCLTM 
^IlCCo&tJt/XttCo, Fe4'l:Sm ! 0 3 ^iNflH^LTti-5^*#^ 

25 s-e-tuf, 3mp a&mAzmj£7kmmm%T\zis\,*T<b*mffimt. : &z\2tii\,K 

L**U Sm s Co n JkmftmfC omf/?L\*C o , F e tCSm, 0 3 W 



WO 03/058648 



3 



PCT/JP02/13430 



&m-rzz\t&-c2te^. sm,co n %ffiE(DmM&)&gi&fa±is-&2> 
mttti>x. sm,co„ m&^&QRiY e x <B?m&<Di5itmwb&m* 

R, F e M B^fiS5^©7K^^m&«S-C#n^W^T*-5i#^en?). 
Z.<DM&. R,Fe M B^i5li Sm, C o, , KMEiZit^ ItWoT 

ZitEmm2tlT^2>mmmm.ft&lZ&^T>b*Sm l Co tl 3iS£E©3 2 MGO e 
fc**U R, Fe l4 BH505 0 MGO e ©§;*:X*JI^-:fS<£cfc5 (CgnT^ 
5£V>5*iL£#*3. IPS, R, Fe M B*i&5«, W££fi±0fcJ6<Z>M#Lg 

mnrzMm®&£&&tLtsi^m&xizi 5 or^±co&gata^e>&v>«-&T 

&nfcf. a^IelgSO/jNM^ ii5#i^fc©fcs&{c:kL S mj Co l7 *J&5T« 
&<> RjFe 14 B^a5^t»n5C:<i:^^. ^£9, E8la4#ftK:£^T*K 
Sm,Co n &ffiBS«fc D t>Rj F e l4 B miK5^»zKmtt$Wr*l^ 

^aiLfe. z\<Dz\tfrt>> T^mnmm.iz&mmm^rL^-^-mz^-mizm^ 

Sm, Co„ ^X«R 2 F e , 4 B^6S§i^JK5*^e>n-S CtSaiLt. 

sm,co„ mx\ZR t F e l4 B&mmmi5<Dmw\z. j&»ju*&m*y 



WO 03/058648 PCT/JP02/13430 

4 

*m*ir Lx&mwt<mmRtf/xiz&m&imm *mm-z> z t \z «k o > mm. 
<D*mnmm.*T-h*mM&z$\2mz.2r. z<dtz#>. *mmmmz&mmm 
zntt-z-^zftmizm^ ens s m, c o , 7 ^x«r : f e u b j&mm&G 

5 qt-ox. *&mte* tie (i) ~ (4) <nft±mm£m&ms*<n$m*itik* 

(1) R ({It, R«SmX«SmS:5 0a«%JW±^tf2a^±O^±^7n^) 
2 0-3 011%, FelO~45M%, Cul~10ll%. ZrO. 5~ 

511%, nncomf*wMm^m.®fr*>uz&&*mm, mmv. t&#, ®. 

M%.zf/x\mmvT-$kW&toj:&. &m*v**ML. 8 o~8 5 o-c 
T'i o#~5 omffimmm?zz£zwwLt?zft±mmmw.&<»mmjjm. 

(2) R (fiL, RitSmXitSm^5 0mm%&,±^tS2mSl±(D^±m7tm) 
2 0~3 011%, Fel0~45fi*%, Cul~10ll%. ZrO. 5~ 

*mfls«ji««rr « z t fr*#±a«6tt«5. 

(3) R (Rfct, Nd, Pr. Dy. T bRtfH o^^M^nS 1 «Xtt2 SJ^ 
±<Dft±m7im £2 0~3 5fi»%, Co$15ll%OT. B£0. 2~8 

20 11%. SsJm^tLTN i , Nb. A 1 , Ti, Zr, Cr, V, Mn. Mo, 
Si, Sn, Ga, C u&tfZ nfr*>Ml$nz>'J>tj:< <ht> m©7ciH£8M% 

mm^mm, mfm^mAn^xmrnm^tv, m\zm&mmE&wmx. 
25 1 0 #~ 5 0 mmmmmrz z t ^wair^±m^mm^(Dmm^m a 

(4) R (R«, Nd, Pr, Dy, TbRtfH o^SMftSn-5 1 1X^21^1 
±<£>3&±3£7Ci£) £2 0~3 5M%, Co$15ll%^T, B£0. 2-8 
M%, iiitlTNi, Nb, Al, Ti, Zr, Cr, V, Mn, Mo, 
Si, Sn, Ga, C u Rl^Z < t 1 i©7C^^ 8 li% 



WO 03/058648 



S 



PCT/JP02/13430 



mt&mEHwmmtz. m.mx\tnm (n«, sstn^i) <D&m*v*m&ft 
is i bus. mmm 3 %±mmi&W6&N ^7+15 /tmtit. 

Sg2^fcfc, 5ftK0!|4fc*5W-«, #±SM*»«5*N i 5 umtli. 

5 0 0*0, 2Bm £M+TfMIS£MLfc&5©^MiS#©£5£M^™SKI& 

Sm.C o^^flfett^g^ 

*5BWfcW*Sm,Co lt ^&*i!i&5£&mfifc©3E/&#te, SmXttSm* 
5 0M%&±*tt211SU:©#±9l7C*2 0~3 0gl%, Fe 1 0-4 5fi 
M%s Cul~10li%. ZrO. 5~5M%, oROTnfiKtfflFM 
WIBSm£W1>©#±8i£«fcLTtt. ttfcRJfcSn* *>©"?«)&:<. 
Nd, Ce, Pr, Gd #±*7C**©Sm©M" 
S*<5 oa«X**©»^»» #±^7Cig»d^2 0ii%m 3 0tt%£tB 

R, _F e^BliijSM 

Pr, Dy, TbXttHo*»61iR$n4 11XB21K±0*±S(7C*) & 
2 0-3 511%, Co$0li%^@Al5li%«T, B£0. 2~8«*%, 
mtiQVotVTN i, Nb, Al, Ti, Z r, Cr, V, Mn, Mo, Si, Sn, 



WO 03/058648 



6 



PCT/JP02/13430 



Ga.CuWZn £Stfn«5'>fc < 1 1> 1 MOtcM*: 0 S*% £8* 8 S»% 

/Xliiilt^SSJDII, &m*y*ZML. *<D&. 80~8 50tT 
m\zmm-?Z>t. ^WfC^SSm, Co l7 £XteRj Fe 14 B^Hil5^ 

$?*L<«5 0 Okg/cra' M±2 0 0 0 kg/cm 2 J; 0JBE«l 

dm?*, m^x. m*>nrcjzmfit&#&* mmmm\z^io. 7;i^ 

SMfc&UfflmtfX*-?. 1 1 0 0-1 3 0 0'C.fi : SL<iil 1 5 0~ 1 2 5 Ot 
;H/>#fflM*. 7 0 0-9 0 0*0, 1fr£V<\t7 5 0-8 5 OWmmX. 5 

~4o^iffijtu -l. oo/^©i^fiii^T4 o ox:u~fm^r^mn 



WO 03/058648 



7 



PCT/JP02/13430 



R,Fe u B^i50i^ M&mmm&* $?£L<ttl 0kOe£t±. 
£L<«2 0 0k g/cm 1 £Lk2 0 0 0 kg/cm 1 ^©JBE^KJ: 0 ffi&S/fc 
>tz£OimWSE.nW%1l7>*'Z. 1000-120 0 , C{C*5ViT, 1~2B#^ 

m.m^r)h^mmx\ #£L<te4o o-~7 o orofiflnjawassisu « 

E ©Minnas BtrlHm±^^5*lC^g|^u/^S€r^-r^o ddT. 
*^^<h, ^#tt©f£TO<i:^e.l~5^» #fcl 

H5iB^®^y+©^Pfi, Cu, Ni, Co, S n&.Wtlt>(D'£&<D'pte 
< <ht> lS#>£>ftD, *y*m2l*. l~10 0/xm. 1 ~ 5 0 wm*W* 

1CN i $ML^I^7*^<k<. Cu-Ni, Cu-Ni-Ni, 
Ni-Cu-N i*##tf6*l5. 

tc. mmft±m&%im]5ft&*v*mizmm?z>ijmz* nv>vm. §io 

CfKUfc^O^T*^ C t^tf ^tCpH2~l 2<D*y*m 

urm.rmom'kmmmtu^^oiz-rrai^^. n i &2m*v*ir &m 



WO 03/058648 



8 



PCT/JP02/13430 



<Dm$ts&m\mo. o-zxwrth. ym\z\zvmz^t£.\,^o\z-?z>£& 
±sttmz&r>'&m*v**m\'tz'&. 1 o- ( Pa~50kPa, 

»$t<ttl 0" 4 P a~3 0 kP aT?&5, 7)H>. X«<£JIK 
?S#ffl^TfC*3^T, 10#~50Bm 80-8 5 01^ jff*L<tt80~7 
0 Ot:, 5EK$?i:b<«2 0 0-6 0 OttMltS. &*5, R : Fe 14 B3U& 
M^O±fgtt7 0 CCT^S^t^Sf^UVi. ftHBMkfimmtt. 1 

<taztztt)mm-v\t?3i<. g.rc. 5 omasum*. zmt&mte. mmwvitta^z 
tt. m*mmz®ntzmt)W<ti.z> z\ t\z* r>m$5.w&&&{tzitz>mm tt* 

<, mmm-?€z>£. m*mmz&n-fc.m<DMi&tei&2n2>%<D<D, & 

W**ttt:ffnfcJit4» ^y^*JBOKft:*JiTf*0, 0. 1 ~ 1 0 0 /zm®JP 
<Sj&**3Hfctf«*M:L<. ICJftKttO. 1~2 O/zmT&S. 

X, x#^->^, 7i/-M, ~>Un->^ lUx^fMR^'J 1 ?^ 
*^BJ©m2*&fi, Sm,Co 17 mXteR I Fe M B&&jgi&5©MK:iaj£ 




WO 03/058648 PCT/JP02/13430 

9 

s ^2) ©^s^^^^LT^is^k^SR^/xa^M^b^^'rsc: 
z\<Dm^. &m*v*m\t. ©TK^tt^uwftua^ mm&m<D&<. =f- 

©JP£fct> 0. 1 tfmWl 0 OmitUUTT&S. &JS*y*Jf £&Jg 

mtn^mz. ioo/im$iS^)i$Tit urn n^h^tc^o. saw 

<z\tit-c%T. mz&m*y*riz&?r&-eg%<. tf>*-;p## 
ft-euKtazm&tf&z. &mmmmms/y.\z&mmtwm\z. ioo tf ra 




WO 03/058648 PCT/JP02/13430 

10 

M\zz<Dm&$r<D&Wiz& o«ft»tt©^k^CS* 

jjm-c&wisfzm&tmmz. ±m®.f&.<D&&*mmv. znzM&v. m\zst 

±aa» i jjmT&wvtcm&tmmvjjmzj: o^m^y^mmvrzm.to 
xiz&m&itvaa&mm-z. Hot, &mwt<m. lt«, cu. 

Ni. Co. SnXtt^n^^CKm 38fl2*a««F3:l,V>. ^- <h 1<T 

T&tKa*inffiTj&:£©*BB$«c*W'*#Maa. t«o»i*iJ*tf ens. 
t»t>«>*«ri&itefe) ^iSs-r-tfeT^s. «M&&SK:«fc<5&BS«u 




WO 03/058648 PCT/JP02/13430 

11 

•jt, Jf£L<fil 0 /itn«± 1 mm«TT*5©*tg* IK 1 txm&m<DB 

mm&&&nz>&. mmm*8jm-tz>mmm*>n\z<\,^ 3mm^i 

«%> ©-?£&*>. 
mmw i ] 

SitijCo,, ^1H^^«> Sm: 2 5. 0M%, Fe : 17. 0fi*%, 
Cu:4. 5M%, Zr:2. 5M%, SlgBC o<DMf$.\Zti.%£o KBE^U 

10 7;u^>#*#B8^*t» t^y « ttii^i m 

/Kmfc«ilM*£fTofc. 0 1 5kOe 

is ©«w«*»icti. 5 t/cm 1 <Dmtn?f&Bvtz. n^tifz^mmtm&mpt: 
fflvi. 7;uzf>#H^+T, ii90t, 2i$Ni&ttLfc&, r;p=f>*B«+. 
1 1 7 513, ii*mjaF#flsffla*fTofc. ^ftMinit. a*u #enfc 
*n-?n©««s#&» 7;u=f>MSi«K 8 o or, 1 ottnuiRftu 4 o or 

20 fgtt5*>5. 5 x 5 x 5mm»Cffi3[5S«J0aibfeo 

mtmi&MEiZ. fcfO'J>®?Cu 6 0 g/L, fcfD'J>ifK2 4 0 
L, S/a9*K3 0 g/LTi«L&^y+«SffiK »»«4 0r, 
1. 5A/dm ! O^#Tij|Cu/7+$2 0itniJI5U ■*©«, 5 5 or, 
I2«f«, (&sil#JE2 0kPa) ©IRAKIS U IIITMI/, 5E 

25 cx#*^*«rj»*"**ft»icj:o«»i/, fcmxx&mmun&m. vibr 

a t i n g S amp 1 e Magnet ome ter (£*T, VSMiit) 
l»ae**^fXtt»ffltt»*BJE«»teAn, **. lOMPa, 2 5t©^# 



WO 03/058648 PCT/JP02/13430 

12 

$ mm izmmi3.$ift-znmcu*y*&2 o Mmssu sscc, 12 
mm. (mmftmi o i Pa) ©^s^ssu, m*t?*j*u jekx 

10 MRU X£VSMKJ:QttSMttta>JI£ftfr?fc. 
[JtKft l ] 

*6*(fi«ltra«l:5X5X5mmt«5*«IDttiU 5Ek:x#^5/»ttHS& 
WWCitia»U **#*tiUR/BttH£*K VSMfc«k0»a«rttOM3£ 

[JttMI2] 

*»6S*afi«ltra«K5X5X5mmfc«5*«I0iBLfc. tfHHttEfc*tU Hi 
20 MMl £mmfc3kfr'VnmCu*y*£2 0 m mJiU HfcXtf^jRantSnfc 

[Jt«093, 4] 

frZnmMl t^fC5X5X5mratC«5*«J0mLfc. MNBflBBfCttU II 
JS081 <fcP^fc&#T?m#Cu*y*£2 0/tm%U 5 0TC. 121* 

PH. (&i?§#JE2 OkPa) [ttttH3] , fttf. 9 0 0*C. 1 2^, 

(H6*»JE2 0 kPa) [it«094] 0flft«L9£ltU iiST^t, 



WO 03/058648 



13 



PCT/JP02/13430 



5 mi 











mts 


i 


Cu*y + (20Aim) 
+ 

550*0 X12h(0,:20kPa) 






5 tin 


nmm 

2 


+ 

550 < Cxi2h(0 l :10- 2 Pa) 






1 i± m 


i 




lOMpa 
25*0 
IB 






2 


Cu* y^^Ou m) 






3 


Cu^u/4 L (20xiin) 
+ 

SOrx^hCOj^OkPa) 








4 


Cuty *(20 xim) 
+ 

900*0 X12h(0 2 :20kPa) 






20mdi 



WO 03/058648 



14 



PCT/JP02/13430 



&2 











Br 

LKUJ 


iHc 

LKUcJ 


(BH)nax 

["urn ,,1 


Br 

LKuj 


iHc 

ftflol 

LKuej 


(BH)oax 

IHlnJeJ 


Br 

LKuJ 


iHc 
LKuej 


(BH)max 

LMbUej 


mmm 
i 


11.02 


14.55 


28.2 


11.00 


14.85 


28.0 


11.00 


14.83 


28.0 


mmm 

2 


11. OS 


14.88 


28.4 


11.03 


15.05 


28.2 


11.03 


14.98 


28.2 


ittstm 
i 


11.03 


14.32 


28.3 


11.03 


14.32 


28.3 








2 


11.02 


14. 45 


28.1 


11.00 


14.40 


28.0 








3 


11.02 


14.50 


28.1 


10. 99 


14.40 


27.9 








ttmm 

4 


11.03 


14.66 


28.2 


11.00 


3.51 


11.5 


11.00 


3.45 


11.5 



tt*J«ftl/TV>*ili^*. £©££«, £16091, 2fc:feHT, OTMS 

EU:, «l» 2tt, Jt*fc091~4T?tt. *1B«ia»c«J:0«aM*tt3ft«^&36»fc* 
[£$609 3] 

Sra,Co 17 ?li5^H Sm: 18. Ofig%, Ce : 7. Ofig%. 
F e : 14. 011%, Cu : 4. 5M%, Z r : 2. 5fift%. ^SBCo© 

Jfcfc, iffESm, Co,, US^t, i?a-^7^>t-, ^^s^-e 




WO 03/058648 PCT/JP02/13430 

IS 

%)5 0 0 /*m&TKTOl$&, «*ft*l:«k*yiy h5;HC«k»)Wia[a»5 
umizffl&ftZft-Dfzo mztitzmttftM*, mm*7l>Z®lz£r) 1 5 kOe 
OBitCTl. 5t/cm' (D&jj-VJ&MLTz, #e>nfcj£^#£f&Mg*p£ 

m^. 7JU^>#HM+T. 1 1 7 or, 2^^bfe^, 7)\,zi>nmms¥. 

*n-etlO«S«S**, 7;Hf>#ffl^+, 8 0 013, lOttHHRtfU 400t; 

UrttC^e. 5X5X5mmK:»5««J»)aiLifc. 
JfclC, ilttlBttf&tteiCttftN i 5 tfmJSLfc. d©*§^, mtN i 

10 4 0 g/L, Bit&N i 2 7 0 g/L. *tf&3 0 g/LTB«l/fc^5>*»Sl 
»fi*5 0T:, HM^S2. OA/dm 2 ©*frT?* v**»L.fc. ^©&. 
6 0 013, 2 4ft|HK «#»JEE2 0 k P a) ©JRk&S&ffiU MST 

»HE**#AttiWiKH*, *n-?n»ffiMCAtl, #*, 10 MP a, 2 

5"c, 3 B©&{re*i5i#x&sfc£36u -t©««ioaiLfc. aomLfcaew:, 

20 sis, 6 0 or, 2 4^, a»a*7f«waa*ttixfc«5©aiffifii»©*3iEs* 
™««Eic<t5Ki#fi^#¥^**-r. mm\z® 1 o a mgm©N i mmmifi 

mtfoM3tmmfcmfc *sti^i6*^fiife. mz. mzmzmmwG 

IfefflS iPH*fc*#T, m#N i^y^Sl 5<£mJ6U ^©&, 5 0 Ot), 2 
M. £M+ (»«»E2 0kPa) ©MBeiSU MiTML, Hfcx 



WO 03/058648 



IS 



PCT/JP02/13430 



^-O&ISOajLfc. ®9ffll,fcffi£Btt* fl-mSBSreSlgSU H£ V S MKJ; 0 

soot:. 2um ^^T^a^LfeaeoMifi^o^s!^ 

[Jttt« 5 ] 

!l»6**«3tFI*l:5X5X5minC15*«J0HJU Mfcx**^**!** 
nfc#ttttK:,fc0»fcU *^^XiS»fflli^^f#fc. CCTH6n&**^tt 

[JtttM6] 

*»&*JS«3im*fc5X5X5mmfc«5*«JDmUfc. flHffla5K**U H 
»«3tH«a*tt?«IN i 1 5 m mJSU JEfcx#*->*aMe*nJc 

isu -eoafljEomufc. «tomLfc«5f4, 
mhrcmE<D&m&m<Dj£&Mn?mmmz&zK#n?&^m&7fiT. m 1 . 
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Ni;*-y*+600'CX24h 
(0, : 20kPa) 
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Ni^y^+500"CX2h 
(0, : 20kPa) 


lOMPa 

25"C 

3B 




5 




®* 
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14 









[10MPa,25t:,3days] 


Br 

[kG] 


iHc 
[kOe] 


(BH)max 
[MGOe] 


Br 

[kG] 


iHc 
[kOe] 


(BH)max 
[MGOe] 


Br 
[kG] 


iHc 
[kOe] 


(BWaax 
[MGOe] 


3 


10.47 


15.35 


25.2 


10.44 


15.55 


25.0 


10.44 


15.48 


25.0 


mm 

4 


10.48 


15.12 


25.3 


10.45 


15.62 


25.1 


10.45 


15.57 


25.1 


5 


10.41 


14.98 


25.1 


10.41 


14.98 


25.1 








ttwi 

6 


10.51 


15.50 


25.3 


10.48 


15.35 


25.2 









mmm. mt*mii7.uwim'&~z. mums. 4«. tet/u£Qm&&amtte 
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R, F e 14 B^E£5£-&fcl, Nd : 2 8. 0it%, Dy : 4. 0S»%> Co : 
3. 5M%, B : 1. 011%. Cu : 0. 2M%, A 1 : 0. 4M%, 

5 0 0 AtmKTRc&t&B^ S*««i:J:«^x*y h $)V\Z£ t>¥*%&&& 3 /im 

ic«»»*ff^fc. n*>nfc®Lmfttt&. mm*zfux®\z£o 1 okoecsi 

*K1T1. 2 t/cm ! (DJE2jTricJgLfc. ^SnfcJ&^mf&iffl34F£ffl^, 7 
;Ur*>*B«+T, 1 0 7 0t, 2P9MjftlSL^^ JftJflU JEtdGOOt:, lWf 

5X5X5mralIi5^0UlUc. 
ifcK, itoiBfci|g«5fc««?Cu,*y* (5 Mm) . mMN i (5 wm) , 

«»NI/?*(10/(in) £«g;fcligbfc. fcfD'J>I«6 0g/L. 

eD'J >&#'J£A2 4 0 g/L. 3/a^*»J«>A3 0 g/L"CB*Lfc* y 
is *«*JflV», «i«4 0t;, Mtfftl. 5A/dm' 0^frTi)|Cu/-^ 
SrfTVi. JftfljN i 4 0 g/L» «N i 2 7 0 g/L, *«>SE3 0 g/ 

LT?W»L&^y*»SfflVi, ^SSSOt:, «ttttft2. OA/dra" O^ft 
T, m^N i *y**«,U JgfclWrtBN i ^y*fcB«a:*ftTWN i 
it. 3 0 0t, 5 OttlHK (B*»JE2 0 k P a) (DJKt&JlSffi 

twc**^^tt«ffltt»s-tn-en»£Eei8K:An, #*, 1 omp a, 2 sr, 

25 *Str?M*U JE»CVSMCJ:0«»l*tt©WJ6*ffofc. 
BUM 6] 

»«5£l?l«&ftfrTMt#Cu*y* (5dm) . i)SNU7+ (5 tf m) . 
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MBN i (1 0 um) £«S#SSU ^©^ 2 5 CC, 3^ffl. 

iMlO-'Pa) ©rftftLMffiU £2&£T&?frU 3EKX#+->*»K*i* 

s fcJgU OtHLfc. ttOtHLfcaffitt. *«£BttT«*U H£VS 

[Jttfeffl 7 ] 

mmmstmmum^ *m-cimmzi&ftmisit. mz. toztutmsms 

39»6HJKM5&iqfll(Z5x 5X SmmfcfifcH&tfJDffiU 3ECXs|?^>'*1IH&* 
10 J: OfcKU **#*ltl«fltm*#, VSMfc:ck91fiBjel#te©iU£ 

[JtttM8] 

is d^HJfiWI5i:^8ltC5x 5X SmmlzWE&WVmVrz. M1B«5K:**U ^ 
*«5iPS«ft*#T?t»Cu^y+ (5 Mm) , i»NMy+ (5 Mm) . 
i«Ni^7+ (10 wm) fcflfcfcJSU HfcX#*3/*»J&***#W-KJ;0 

[ifc$fc0lJ9, 1 0] 

jfc&*lfi«5£ra»fc5X5X5mm»Ctt5*«JD til Life. «HE»5fc*tU H 
tf«5£H«tt*fr-e«*Cu*y* (5 Mm) , t«?Ni^-^ (5 Mm) . 

25 m«?N i^do Mm) tmkmv. ^©&. sot. 1 2r$m. smk* « 

^E2 0kPa) [ttttM9] . Rtf. 8 0 0t\ 1 2^1, 

jE2 0kPa) [ttmmio] ommm&mv. M£-e*»u mkx#*v 
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mtix&m&mu ^-©^stDaiL*:. ^tm.rzmwt. wHsstrauRu 

^5 











^fcfSi [Pi 

LBJ ;q 


5 


+ 

300'CX50h(0 I :20kPa) 






2 mid 1 


6 


Cu-Ni-Ni^^^r 
+ 

250 < Cx3h(O,:l<r 2 Pa) 






0. 5# m 


it^J 
7 




lOMpa 
25*0 
IB 






8 








VcMM 
9 


Cu-Ni-Ni/y* 
+ 

50 < Cxi2h(0,:20kPa) 








1 0 


Cu-Ni-Ni*y* 
+ 

SOCCx^hCOj^OkPa) 
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316 











Br 
fkGl 


iHc 
[kOe] 


(BH)mai 


Br 
[kGl 


iHc 
[kOe] 


(EH) max 
[MGOe] 


Br 
[kGl 


iHc 
fkOel 


(BH)max 
[MGOe] 


5 


11.85 


17.05 


34.0 


11.74 


16.88 


32.7 


11.75 


16.85 


32.7 


6 


11.83 


17.21 


33.9 


11.72 


16.99 


32.6 


11.71 


17.02 


32.6 


7 


11.92 


16.77 


34.4 


11.80 


16. 52 


33.0 








8 


11.88 


16.85 


34.2 


11.77 


16.63 


32.9 








\mm 

9 


11.85 


17.01 


34.0 


11.72 


16.95 


32.6 








1 0 


11.84 


17.12 


34.0 


11.75 


10.15 


17.2 


11.72 


10.23 


17.2 



BUt, 6tt, Jt«E« 7 - 1 0 Tt±» MfflStCk QaMltt^&R 

Mil: d: 0 ttftfflfePgMlrr « H t. ft < , W**tt*«i*]± LfcCt^LW 
[SMS* 7] 

R,Fe l4 B*15^tt, Nd : 2 9. Ofi»%, Dy : 3. 0M%, Co : 
3. 5fiS%, B : 1. 0m«%, Cu : 0. 111%, A 1 : 0. 1M%, 
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#.\Z. Hfff2R, Fe I4 B^JS5^$r. va-^^t- ZfyO>^)Wm 
5 0 0 um£Xr\zm&W&. S*«»EK:«k*5>xy h$)UZ£Q¥-*$tm%)3 um 

c«»»*ff-3fc. nt>tiTzmmm&*. mm^uxmiz^o i o koeon 

+ ICT1. 2t/cm' <D&JjT'!&BLfz. n^tlfz^mmt^Mmtp^m^K 7" 
s Jl/rf>HH^T, 1 0 70t, 2H#rafci|gLfc&, }**IU JEK6 0 Ot^ lNr 

b, 5 x 5 x SmmKlfifoE^gjOfflLfc. 

^tC, H&aE&^J&5fcm#?Cu*-;/* (1 0/im) , S8?N i (1 0**m) 

*JB<fc»Lfc. z\<Dm&* tfnU>HMH6 Og/L, en »J 'J 2 4 0 g 
10 /L. v^?&#U£A3 Og/LTIH§SLfc*-y+«£flH^ &SS4 0 0, m 
1 . 5 A/dm 2 ©^#Tt«?C u * y*&'f? \*\ i&fcN i 4 0 g 

/L, 5S^N i 2 7 0 g/L. *?&3 0 g/LT-$l§3L*:* V\ 
S50t, «8lt&&2. OA/dm 1 ©*ttTt)»Ni^y**ltl,ft. 

3 5 cc, 5 omm. Qm.tfxDm&m&mis. asTMi, ^^xis^ffla 

!9IB**^^tt»ffll*»*'en-?n»ffiMK:An. TKsjl, 5MPa, 2 5t:> 
[*i60»J8] 

*>&mm7 tmmizsx 5 x smmizmEZWQtuisfz. mmmmztn,, mmm 

7 tPi^frTtiCu/y4 : (1 0 am) , mft?N i (1 O/im) *0 

25 #i&u 3 0 0*0, 2i^m. Qm.*<D&Mm&ML. msthjw&u * 
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^nmLvmisfz. mr>&vtcffiGte. nm*E&-cmmv, iicvsMtao 
ut&m l 1 ] 

zmm&n tmmz sxsx 5mm\zm^B^mKimL.7i<:miS^uwimun^%rz. 
zzT?&t>tirz*mxxmmmtm\t, v sM\z£om§s.&&<Dmj£&ft-orzo m 

ut&mi 2] 

z^mm7 tmmiz5xsxsmm\zmE&®K>tiii,tz. a mit&mB\zMi^ mmm 

7 tmmtZ&flr-CMBCuty* (1 0 um) , m#?N i (1 O^m) SrlS 



3*7 











ma 


7 


+ 

350*0 X50h&%<*> 






ilia 
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+ 

300 < Cx2h^ c l 3 


5MPa 
25t 
30 




0. 5 A^m 


1 1 




®« 




\mm 
1 2 : 


Cu, Ni*y* 
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[5MPa» 25*0* 3days] 


Br 
[kG] 


iHc 
[kOe] 


(BH)max 
[NGOe] 


Br 
[kG] 


iHc 
[kOe] 


(BH)Eaax 
[MGOe] 


Br 
[kG] 


iHc 
[kOe] 


(BH) oax 
WGOe] 


7 


13.05 


14. 98 


41.2 


13.01 


14.35 


40.6 


13.02 


14.38 


40.6 


8 


13.11 


14. 65 


41.6 


13.03 


14.55 


40.7 


13.01 


14.52 


40.7 


1 1 


13.08 


14.77 


41.4 


13.06 


14.75 


41.2 








1 2 


13.05 


14. 50 


41.2 


13.00 


14.33 


40.7 









&mmm\z£ k> Mimmv£it-tz> z\tu<. m*m&&fa± vit z\ t&t>&z. 
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1. R (<!U RttSmXHSmS5 0SS%^±^tf 2g^±(D^±^7C^) 
2 0-3 011%, Fel0~45li%, Cul~10Stt%, Z r 0. 5~ 

UfRtf/XttW*bT«iB*lnixa, £«*y*£»U 8 0-8 5 or 

ti o#~5 o»wji^aT*ci*»*t^a#±si«aaia5o«jt^rft. 

2. &JB;*y^©&®at, Cu, Ni, Co. S nRZf*rtit><D&&(D'pr<ti< £ 

ft. 

3. #&La*<. 0- 4 Pa~5 0kPaT&£, 7;Urf>, gfH, S 

4. R (fiU RiiSmX(iSm&5 0fiM%^±^tr2a^±O^±IS7C^) 
2 0~3 0li%, Fel0~45li%, Cul~10ll%, ZrO. 5~ 

5 . v *m£&mmmmms/?u*&m&\wm t <D&n<Dm2& 1 

s**o. i <tmH±i o o um&Tx&zzL££®WLt-r?>m3&<Dmmm4mfd. 
m<D%r±mmamE. 

6. Cu, Ni, Co, S natf*n&©'&£©4>fr< £ 

h i a-e&s c: t %&wi£-r2>m&(D&®m 4 5 mm<D%±m&f&w&. 

7. R (Rtt, Nd, Pr, Dy, T bRtfH o^SilftSn* 11X^21^ 
±0^-±^7C^) £2 0~3 5mfi%. Co£l5fi»%£TF, B£0. 2-8 
M%, tt^lilTNi. Nb. Al, Ti. Zr. Cr, V, Mn, Mo, 
Si, Sn, Ga, C uRZfZ nfrt>MiitlZ'Pti:< £h 1 S©7C?g£ 8 MM% 
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80-700 "c-c io #~ 50 mmm&mrz z. t z&m£Tz%i±m&mm& 

s 8. &m*y3r<D&m&. Cu. Ni. Co, S nRZf*rn*><D'&&<D'PU< t 

Ho 

9. &JM*v : ¥'&<Dmi&Wtf. KiM^ 10" 4 Pa-50kPa T)V 

10. R (R«, Nd, Pr, Dy. T b&tfHoj^e>jlft$n<5 11^21 
&>±<Dft±m7im) £2 0~3 5S»%. Co^l 5li%£JlT, B£0. 2~ 
8M%, i»tLTN i , Nb, A 1 , Ti, Zr, Cr, V. Mn, Mo, 
Si, Sn, Ga, C uRtfZ nfrZMlitlZ'PfeK £ 1 m<D7tm& 8 tt% 

is £TF, ^FeROT^iEW^M^e»^^^±^igM5tC*5^T, 

l l. ^M>u/^t^M^k^S^/X«^^t:^iS(h©^©JP$^ 
20 1 jtz mfi*± 10 0m m£TFT& 0 , frO&Jiitf b^JIRtf /^&«gte!&Jf <D 
/PS#0. 1 tfmgtil 0 0wm^T-e*SCl<!:$#IS<h-r-5»^©|igffl^l 0 

12. &m*y*(D&m&. Cu, Ni, Co, SnS^60^© / >a<' 

25 
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